on behalf of the Research in Active Rheumatoid Arthritis (ReAct) Study Group Objective. To evaluate the effectiveness and safety of adalimumab in patients with rheumatoid arthritis (RA) who previously discontinued tumour necrosis factor (TNF) antagonists for any reason in clinical practice. Methods. ReAct (Research in Active Rheumatoid Arthritis) was a large, open-label trial that enrolled adults with active RA who had previously been treated with traditional disease-modifying anti-rheumatic drugs or biological response modifiers. Patients self-administered adalimumab 40 mg subcutaneously every other week for 12 weeks and were allowed to enter an optional long-term extension phase. Measures of adalimumab effectiveness included American College of Rheumatology (ACR) and European League Against Rheumatism (EULAR) response criteria, Disease Activity Score 28 (DAS28) and the Health Assessment Questionnaire Disability Index (HAQ DI). Results. Of 6610 patients, 899 had a history of etanercept and/or infliximab therapy; these patients experienced substantial clinical benefit from adalimumab treatment. At week 12, 60% of patients had an ACR20 and 33% had an ACR50 response; 76% had a moderate and 23% had a good EULAR response. In addition, 12% achieved a DAS28 < 2.6, indicating clinical remission, and 13% achieved a HAQ DI score <0.5. The allergic adverse event rate, regardless of relationship to adalimumab, was 6.5/100-patient-years (PYs) in previously TNF-antagonist-exposed patients and 4.3/100-PYs in TNF-antagonist-naive patients. A multiple regression analysis indicated no statistically significantly increased risk of serious infections in patients who received prior TNF antagonists compared with TNF-antagonist-naive patients. Conclusion. In typical clinical practice, adalimumab was effective and well-tolerated in patients with RA previously treated with etanercept and/or infliximab.
Introduction
Biologic response modifiers that target tumour necrosis factor (TNF) inhibition have become established therapies for active rheumatoid arthritis (RA) in recent years. Sustained efficacy of adalimumab, etanercept and infliximab has been demonstrated, significantly improving symptoms and limiting progression of joint destruction and subsequent disability of patients with RA [1] [2] [3] . The therapeutic efficacy of all three TNF antagonists is postulated from their ability to bind soluble TNF and prevent its binding to the natural TNF receptor. TNF blockade in combination with methotrexate significantly reduces clinical disease activity and halts joint destruction in most patients with early or longstanding RA [4] [5] [6] [7] . Even if disease activity is not substantially reduced, TNF blockade has been shown to reduce joint destruction, suggesting that inflammation and joint destruction can be disconnected and are independently controlled by TNF inhibition [8] . These effects have been attributed to the role of TNF in both synovitis and the activation and differentiation of osteoclasts, the mediators of bone destruction in RA [9] .
Although TNF antagonists are an important advance in the therapy of RA, some patients with RA may be intolerant of these agents or may not experience a clinically meaningful response [10] . A practical question faced by clinicians and patients is whether switching TNF blockers is likely to produce improved clinical response and tolerability. In fact, there are data indicating that switching among the three available TNF antagonists (adalimumab, etanercept and infliximab) is safe and effective, with few withdrawals because of intolerance or lack of efficacy [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] . New biological agents for the treatment of RA, such as rituximab and abatacept, also factor into the therapeutic decision faced by clinicians and patients. Because current data indicate that non-response to one TNF antagonist does not preclude a response to another, an additional TNF-antagonist trial may be warranted before moving on to another biological agent. There is a need for additional data to document the safety and effectiveness of switching among TNF antagonists in clinical practice to guide clinicians' choice of treatment after failure of anti-TNF therapy.
The ReAct (Research in Active Rheumatoid Arthritis) trial is the largest study of a TNF antagonist to assess the safety and effectiveness of adalimumab, with or without concomitant disease-modifying anti-rheumatic drugs (DMARDs), in routine clinical practice [29] . Of the 6610 patients who participated in ReAct, the current analysis evaluated the effectiveness of adalimumab in 899 patients who had previously been treated with etanercept and/or infliximab.
Patients
Patients were !18 yrs of age and had a clinical diagnosis of RA, fulfilling the 1987 revised American College of Rheumatology (ACR) criteria [30] for !3 months, and a Disease Activity Score 28 (DAS28) [31] !3.2 despite standard anti-rheumatic treatment including at least one traditional DMARD. Patients previously or currently treated with alkylating agents were excluded from participation. Prior therapy with biologic response modifiers (e.g. anakinra, etanercept and infliximab) was allowed if treatment was discontinued at least 2 months before study entry. Information on the dosage regimen of each prior TNF antagonist, including duration of treatment and date of last dose, was collected at study entry. The investigator retrospectively completed a questionnaire requesting the reason for discontinuation of prior TNF-antagonist therapy [i.e. never achieved satisfactory response (no response), loss of initial response (loss of response), intolerance, other and unknown]. Further details of prior therapy were not obtained.
All patients were evaluated for latent tuberculosis infection (LTBI) using the Mantoux test. Unless national guidelines provided a different definition, investigators considered the test result positive for LTBI when the skin induration was !5 mm. Patients with LTBI were allowed to participate in ReAct if a documented history of prophylactic treatment was available or prophylactic treatment for LTBI in accordance with national guidelines was initiated before self-administering the first dose of adalimumab. Patients with a history of active tuberculosis, malignancies, currently active infections, a history or signs of demyelinating disordersand uncontrolled medical conditions were excluded from participation.
Study design
Patients self-administered adalimumab 40 mg by subcutaneous injection every other week for 12 weeks with an option to enter an extension phase until adalimumab was approved and commercially available, provided that the study investigator determined that patients were benefiting from treatment. This open-label study was designed to reflect treatment of RA in typical clinical practice, and no placebo group was included for comparison. Adalimumab 40 mg was provided in pre-filled syringes (Abbott Laboratories, Abbott Park, IL). Patients were allowed to continue current anti-rheumatic therapy, including DMARDs or any combination of DMARDs, glucocorticoids (prednisone equivalent 10 mg/day) and non-steroidal antiinflammatory drugs, provided that dosage regimens were stable until week 12.
The effectiveness of adalimumab was assessed at weeks 2, 6 and 12 and every 8 weeks in the extension phase using ACR20, ACR50, ACR70 [31] and European League Against Rheumatism (EULAR) response criteria [32] . Additional measures of effectiveness were the DAS28 (calculated using erythrocyte sedimentation rate and an evaluation of 28 joints) [33] ; the Health Assessment Questionnaire Disability Index (HAQ DI) [34] ; tender (0À28) and swollen (0À28) joint counts; C-reactive protein (CRP) concentration (mg/l); and the patient's assessment of pain and the physician's global assessment of disease activity (both assessed using a 0À100-mm visual analogue scale). Routine safety assessments included physical examinations, standard laboratory measures and reports of adverse events (AEs) throughout the entire treatment period for each patient.
Statistical analyses
Descriptive analyses of safety and effectiveness were performed for all patients who received at least one adalimumab injection. Data were categorized in two major patient groups: (i) patients who were naive to TNF-antagonist treatment and (ii) patients who were treated with prior TNF antagonists (etanercept and/or infliximab). For patients treated with a prior TNF antagonist, the following subgroups were defined for additional analyses of adalimumab effectiveness: exclusive use of etanercept or infliximab; use of both etanercept and infliximab; reason for discontinuation of any prior TNF antagonist (i.e. no response, loss of response, intolerance); reason for discontinuation of etanercept exclusively (i.e. no response, loss of response, intolerance); and reason for discontinuation of infliximab exclusively (i.e. no response, loss of response, intolerance). Patients who had discontinued a prior TNF antagonist because of no response or loss of response and intolerance were included in the analyses of both adalimumab effectiveness and safety. No patient was categorized as having discontinued a prior TNF antagonist because of both no response and loss of response. No response and loss of response, respectively, superseded all other reasons for discontinuation in the analyses of adalimumab effectiveness. Patients in the intolerance subgroup had discontinued a prior TNF antagonist exclusively because of intolerance. Patients who discontinued a prior TNF antagonist exclusively because of unknown or other reasons were not included in the analyses by reason for discontinuation.
Analyses of adalimumab effectiveness were based primarily on the week-12 observed values and secondarily on the last observation of each patient during the extension phase irrespective of time-point. The observed mean changes in DAS28, HAQ DI scores, tender and swollen joint counts, CRP concentration, patient's assessment of pain and physician's global assessment of disease activity from baseline to week 12 and to the last observation, respectively, were analysed by paired t-test. Additional measures of adalimumab effectiveness at week 12 were a DAS28 <2.6 as an indicator of clinical remission [35] and a HAQ DI score <0.5. Week 12 was chosen as the time-point for analysis of adalimumab effectiveness in accordance with the international consensus statements on biologic agents that require significant improvement within a 12-week treatment period [36, 37] . Also, placebo-controlled, Phase III trials demonstrated that the vast majority of patients who respond to adalimumab do so by 12 weeks [38À41]. AEs were summarized for all patients who previously failed TNF-antagonist treatment and by the subgroups described earlier.
Kaplan-Meier survival estimates were used to evaluate the time to adalimumab treatment discontinuation for subgroups by reason for discontinuation of prior TNF-antagonist treatment. Patients who withdrew from the study and discontinued adalimumab treatment were categorized as discontinuing adalimumab; patients who withdrew from the study because of study completion as planned or who withdrew from the study but continued to receive commercially available adalimumab were categorized as survivors. Three survival curves were generated based on the reason for discontinuation of prior etanercept and/or infliximab treatment; one each for patients who discontinued exclusively because of no response, loss of response, or intolerance. For each curve, the rate of adalimumab continuation was calculated as the number of patients who continued adalimumab at a given time-point divided by the number of all patients who started adalimumab treatment.
To evaluate the possible impact of previous treatment with TNF antagonists on the occurrence of serious infections, a multiple Cox regression analysis was performed for the safety endpoint of serious infection. If a patient did not have a serious infection, his/her observation time in the study was included in the analysis. If a patient experienced a serious infection, time to the first serious infection was included in the analysis. The following prognostic factors were specified a priori and included in the model selection process: age (yrs); sex; medical history of diabetes mellitus, cardiac or pulmonary disease; tobacco use (ever); duration of RA (yrs); number of previous DMARDs; concomitant corticosteroid use; leflunomide use; baseline DAS28; baseline CRP concentration (mg/l); baseline HAQ DI score; rheumatoid factor (RF) (þ/À); leucopenia (<3.5/nl); and history of TNF-antagonist use (yes/no). Only factors that were significant at the P < 0.1 level in the univariate analysis were entered into the backward selection process of the multiple Cox regression.
Results

Baseline characteristics
Of the 6610 patients enrolled in ReAct, 5711 patients had never been treated with a TNF antagonist and 899 patients had received prior treatment with etanercept and/or infliximab. The percentage of females ($80%), mean age (range 52-54 yrs), mean duration of RA (11-12 yrs) and RF positivity were similar in both groups ( Table 1) . Compared with the TNF-antagonist-naive group, patients treated with a prior TNF antagonist had received more prior DMARDs (even if biologics were not included); had somewhat higher disease activity as indicated by the mean baseline DAS28 (6.3 vs 6.0 for the TNF-antagonist-naive group); and had more tender and swollen joints. In addition, patients previously treated with TNF antagonists were more disabled at baseline, as indicated by higher mean baseline HAQ DI scores (1.85 vs 1.60 for the TNF-antagonist-naive patients). More patients in the prior TNF-antagonist treatment group (31%) were receiving adalimumab monotherapy in the current study compared with TNF-antagonist-naive patients (25%).
Overall, 591 patients were previously treated with infliximab only, 188 patients were previously treated with etanercept only and 120 patients had been treated with both TNF antagonists. Questionnaires providing the details of prior TNF-antagonist treatment were completed for 870 patients. Prior TNF antagonists had been discontinued exclusively because of each of the following reasons: no response in 195 patients, loss of response in 327 patients and intolerance in 190 patients. Of 507 previously infliximab-treated patients with a documented reason for discontinuation, infliximab was discontinued as follows: no response (22% of patients), loss of response (51%) and intolerance (27%). Of 151 previously etanercept-treated patients with a documented reason for discontinuation, etanercept was discontinued as follows: no response (42% of patients), loss of response (32%) and intolerance (26%).
At baseline, patients previously treated with etanercept had a longer duration of RA and higher disease activity compared with patients previously treated with infliximab. In addition, 50% of previously etanercept-treated patients were receiving no DMARDs at baseline compared with 25% of previously infliximab-treated patients. Baseline characteristics for the subgroups by reason for discontinuation of prior TNF-antagonist therapy were similar. Patients who discontinued their previous anti-TNF treatment because of insufficient efficacy and patients with a treatment history of both TNF antagonists had notably high baseline HAQ DI scores (1.9 for both groups). Prior TNF-antagonist treatment duration and intervals between the last dose of a prior TNF antagonist and the first dose of adalimumab are summarized for all subgroups in Table 1 . In a subset of 81 patients who had their last infliximab infusion within 12 weeks before the first adalimumab injection, the mean/median baseline DAS28 was 6.4/6.6.
Patient disposition and exposure to adalimumab
At week 12, 90% of the 899 patients previously treated with a TNF antagonist and 93% of the 5711 TNF-antagonist-naive patients remained in the study (Table 2) . Overall, the mean exposure to adalimumab was 30 weeks (28 median) in patients previously treated with a TNF antagonist and 34 weeks (32 median) in TNF-antagonist-naive patients.
Effectiveness
Prior TNF-antagonist treatment. After 12 weeks of openlabel treatment with adalimumab, statistically significant and clinically important improvements from baseline occurred in all measures of RA activity in the prior TNF-antagonist patients and in the TNF-antagonistÀnaive patients. An ACR20 response was achieved by 60% of patients who had previously been treated with a TNF antagonist and 70% of TNF-antagonist-naive patients ( Table 3) . A similar pattern of ACR50, ACR70 and EULAR responses was observed for these two groups of patients. Based on the last observation values during the extension phase of 
Withdrawals up to Week 12, n (%) 381 (7) 89 (10) 50 (9) 20 (11) 7 (6) 7 (11) 20 (8) 4 (8) 13 (9) 5 (13) Adverse event, n (%)
234 (4) 50 (6) 33 (6) 10 (5) 5 (5) 3 (5) 14 (5) 2 (4) 10 (7) 2 (5) Lack of effectiveness, n (%)
68 (1) 26 (3) 12 (2) 5 (3) 2 (2) 3 (5) 4 (2) 1 (2) 3 (2) 0 Withdrawals during complete treatment period, n (%)
1147 (20) 230 (26) 144 (24) 50 (27) 33 (30) 15 (24) 49 (19) 15 (31) 40 (29) 12 (30) Adverse event, n (%) 569 (10) 113 (13) 78 (13) 20 (11) 18 (16) 6 (10) 27 (11) 4 (8) 24 (17) 5 (13) Lack of effectiveness, n (%)
355 (6) 95 (11) 56 (10) 21 (11) 11 (10) 8 (13) 23 (9) 6 (13) 12 (9) 4 (10) a Multiple reasons for study withdrawal were allowed. Additional reasons for withdrawal not reported in the adalimumab treatment, the ACR50, ACR70 and good EULAR response rates increased for both groups after week 12 (Fig. 1A) . The mean changes from baseline in DAS28, HAQ DI score, tender and swollen joint counts, patient's assessment of pain and physician's global assessment of disease activity were clinically and statistically significantly improved in both patients with and without a history of anti-TNF therapy ( Table 3) . At week 12, 27% of the 5711 TNF-antagonist-naive patients achieved a HAQ DI score <0.5, and 21% of these patients had a DAS28 < 2.6. Of the 899 patients in the prior TNF-antagonist group (who had a higher mean baseline DAS28 and HAQ DI score), 13% had a HAQ DI score <0.5 and 12% of these patients had a DAS28 < 2.6 at week 12. At the last observation, 16% of these patients had achieved a HAQ DI score <0.5 and 16% had a DAS28 < 2.6.
Prior treatment with either infliximab or etanercept. Subgroup analyses indicated that patients who had received prior treatment with either infliximab or etanercept exclusively achieved ACR and EULAR responses that were similar in magnitude to the responses achieved by the overall prior TNF-antagonist group; however, the percentage of patients who achieved an ACR20 response and a good EULAR response was lower in the etanercept-only group (Table 3) . Improvement in DAS28, HAQ DI scores, joint counts, patient's assessment of pain and physician's global assessment of disease activity were clinically relevant and statistically significant (P < 0.001) for both groups during adalimumab treatment (Table 3) .
Prior treatment with two TNF antagonists. Of the 120 patients who had previously been treated with both etanercept and infliximab, 46% achieved an ACR20 response, 29% achieved an ACR50 response and 62% achieved at least a moderate EULAR response during adalimumab treatment. These patients also had marked improvements in DAS28, HAQ DI score, joint counts and other measures of effectiveness ( Table 3 ). The treatment order of prior TNF antagonists had no impact on adalimumab effectiveness.
Reason
for discontinuation of prior TNF antagonist. Adalimumab treatment led to clinically relevant improvement of disease activity irrespective of the reason for stopping a prior TNF antagonist. Of those 190 patients who had formerly discontinued etanercept and/or infliximab because of intolerance, 39% achieved an ACR50 response at week 12. The ACR50 response rate was 36% in the 327 patients who had stopped etanercept and/or infliximab because of loss of response and 26% in the 195 patients who had no response to etanercept and/or infliximab. The ACR and EULAR response rates at the last observation stratified by reason for discontinuation of prior anti-TNF therapy were highest in patients who had discontinued their prior TNF antagonist because of intolerance (Fig. 1B) . However, for patients who had experienced a loss of response to prior TNF antagonists, there was a trend toward a higher probability of these patients continuing adalimumab treatment compared with patients who experienced no response or intolerance to prior TNF antagonists ( Fig. 2) . Of note, the mean duration of adalimumab exposure in the current study did not surpass the previous mean duration of prior TNF-antagonist exposure.
For patients who lost response to or were intolerant of prior infliximab or etanercept treatment, the ACR20 response rate was consistent (67% for each subgroup; Table 3 ). Even among the 110 patients who had no response to prior infliximab treatment, 59% achieved an ACR20 response during adalimumab treatment, as did 41% of the 63 patients who had no response to prior etanercept treatment. For patients who were intolerant of prior TNF-antagonist therapy, ACR50, ACR70 and moderate EULAR responses were similar to the responses observed in TNF-antagonist-naive patients ( Table 3) .
After 12 weeks of adalimumab treatment, mean changes in other measures of disease activity, including tender and swollen joint counts, pain and physician's global assessment of disease, were similar among groups ( Table 3 ). Even in patients who had no response to prior TNF-antagonist therapy, clinically meaningful improvements in measures of disease activity occurred during adalimumab treatment. These changes were of similar magnitude between patients with and without previous anti-TNF treatment.
Safety
A similar percentage of patients who were naive to TNFantagonist treatment (72%) and patients previously treated with TNF antagonists (76%) reported an AE. Serious AEs were reported in 13% of patients without and in 18% of patients with a history of anti-TNF treatment. Withdrawals because of AEs during ReAct were similar in the TNF-antagonist-naive group (10%) and the prior TNF-antagonist group (13%) ( Table 2 ). Serious lupus-related AEs were reported in two TNF-antagonistÀnaive patients and in no prior TNF-antagonist patients. Adjusting for exposure time, demyelinating disorder (including two events of central demyelination) occurred at a rate of 0.1/100 patient-years (100 PYs) in the TNF-antagonist-naive subgroup; there were no demyelinating disorders reported for patients in the prior TNF-antagonist group. The malignancy rate in the TNF-antagonist-naive group (1.1/100 PYs) was similar to that of the prior TNF-antagonist group (1.4/100 PYs) . Overall, for the 6610 patients in ReAct, the standardized incidence ratio of malignancy was 0.71 and the standardized mortality ratio was 1.07 [29] .
During treatment with adalimumab, serious infections occurred more frequently in patients who had received prior TNFantagonist treatment (10.0/100 PYs) compared with TNFantagonist-naive patients (4.9/100 PYs). The univariate analysis identified age, sex, duration of RA, diabetes, pulmonary disease, cardiovascular disease, number of previous DMARDs, baseline HAQ DI score and a history of TNF-antagonist treatment for inclusion into the backward selection process of the multiple Cox regression to determine prognostic factors for serious infection. The following predictors for serious infection were identified in the final model: age [hazard ratio per year (HR): 1.02 (95% CI, 1.01À1.03), P < 0.0073], male sex [HR 1.48 (95% CI 1.07À2.06), P < 0.0187], pulmonary disease [HR 1.53 (95% CI 1.14À2.06), P < 0.0048], cardiovascular disease (excluding peripheral vessel disorders) [HR 1.43 (95% CI 1.06À1.93), P < 0.0179] and baseline HAQ DI score [HR 1.42 per unit (95% CI 1.14À1.77), P < 0.0017]. A history of TNF-antagonist treatment did not reach statistical significance in the multiple regression analysis. There was no difference in the incidence of tuberculosis infections between patients who had (0.4/100 PY) or had not received prior TNF-antagonist therapy (0.5/100 PY).
Based on an analysis of AEs/100 PYs, allergic AEs (including allergies that were considered not related to adalimumab by the investigator) occurred more frequently in the prior TNFantagonist group (6.5/100 PYs) compared with the TNFantagonist-naive group (4.3/100 PYs). Of note, the percentage of patients reporting a medical history of any drug allergy was higher in patients with previous TNF-antagonist exposure (28%, 247/899) compared with TNF-antagonistÀnaive patients (17%, 971/5711). Of those 591 patients who had previously received infliximab, 12 (2.0%) patients had an allergic reaction that was considered at least possibly related to adalimumab by the investigator; in 7 of these 12 patients, a medical history of allergy was documented. In 2 patients (0.3%) the allergic event was serious. Of the 188 patients who were previously treated with etanercept, two (1%) patients had a non-serious allergic AE and two (1%) patients had serious allergic AEs that were at least possibly related to adalimumab. The reason for discontinuation of the prior TNF antagonist in 103 patients was specified by the investigator as an allergic condition (including infusion-related reactions but excluding local injection-site reactions), and six of 103 patients developed an allergic reaction (defined by the MedDRA High Level Group Term 'allergic conditions') that was at least possibly related to adalimumab. For three patients, the allergic AE was considered serious. No serious anaphylactic responses were reported in ReAct.
Discussion
ReAct is the largest study of a TNF antagonist and was designed as an open-label trial to mimic routine care of patients with RA. Results of the study indicate that adalimumab is effective and well-tolerated in RA patients who had previously been treated with infliximab and/or etanercept. After therapy with adalimumab as the second or third TNF antagonist, 60% of patients had an ACR20 response, 76% had at least a moderate EULAR response and 33% of these patients achieved an ACR50 response. Of note, these patients had more severe disease at baseline compared with the TNF-antagonist-naive group, 70% of whom achieved an ACR20 response at week 12. Over time, the percentage of patients who achieved an ACR50, ACR70, or good EULAR response was sustained and increasing.
Of particular clinical relevance is the finding that adalimumab was effective when used as the third TNF antagonist; 46% of these 120 difficult-to-treat patients achieved an ACR20 response, 62% achieved at least a moderate EULAR response and the global disease activity was assessed as improved in 44% of these patients by the treating rheumatologist. Patients who had previously received etanercept exclusively had a somewhat lower ACR20 response and less improvement in the HAQ DI score compared with patients who had received infliximab exclusively. Also, the percentage of patients with a documented reason for discontinuation of a previous TNF antagonist who discontinued their previous anti-TNF therapy because of no response was higher (42%) in the etanercept group than in the infliximab group (22%). At study entry, patients with prior etanercept treatment had higher disease activity and more limitations in physical function, and the percentage of patients in the prior etanercept-only group who were not receiving concomitant DMARDs was twice as high as that of the prior infliximab-only group. These factors may contribute to the differences in response rates between the two groups in the current study. However, results of adalimumab effectiveness as measured by ACR50, ACR70 and EULAR responses and by percent reduction in DAS28 were similar for patients switching from etanercept and patients switching from infliximab.
Adalimumab effectiveness varied by the reason for discontinuation of the prior TNF antagonist. All measures of disease activity indicated that patients who had been intolerant of prior TNF-antagonist therapy achieved response rates similar to TNF-antagonistÀnaive patients. Clinically meaningful improvements in patients with no response to prior TNF-antagonist treatment were demonstrated during adalimumab treatment, with 59% of patients who had no response to infliximab and in 41% of patients who had no response to etanercept achieving an ACR20 response at week 12. An ACR20 response was achieved in 67% of patients who discontinued prior infliximab or etanercept treatment because of either loss of efficacy or intolerance.
Although no direct comparator studies have been completed, the efficacy of adalimumab, etanercept and infliximab appear to be similar for the treatment of RA based on a review of results from placebo-controlled studies; 60-70% of patients who do not respond to methotrexate treatment achieve an ACR20 response with TNF-antagonist treatment [42] . Published reports support switching among TNF antagonists as a rational therapeutic strategy for RA patients. In a non-blinded, open-label retrospective analysis of 70 patients who had received at least two TNF antagonists, 45% of patients switching from an antibody to a soluble receptor antagonist or vice versa had a good clinical response (defined as a reduction in the DAS28 of at least 1.2 units after 12 weeks of treatment) to the second TNF antagonist [12] .
In 20 patients who had received three TNF antagonists, the third agent was effective in 35% of patients (7 of 20) [12] . In our study, adalimumab as the third TNF antagonist was effective as measured by ACR20 at week 12 in nearly half of the patients. Even in a subgroup of 22 patients (data not shown) who were nonresponders to both infliximab and etanercept, 33% achieved an ACR20 response to adalimumab and more than half had at least a moderate EULAR response at week 12.
At present, published reports of reciprocal TNF-antagonist treatment have studied fewer patients than the current analysis. Significant clinical benefit has been reported in patients switching from infliximab to etanercept [17, 19, 21, 22, [24] [25] [26] [27] , etanercept to infliximab [17, 20, 26] , etanercept to adalimumab [16, 18] and infliximab to adalimumab [13-16, 18, 23] . Studies that have compared use of adalimumab as the first TNF antagonist vs the second TNF antagonist in patients who are well-matched for disease severity at baseline demonstrate similar ACR20 responses for both groups (70-78%) [13, 16] . Overall, these studies report few discontinuations because of lack of efficacy or AEs after switching TNF antagonists [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] . In observational studies, >60% of patients with rheumatic diseases who had been switched from one TNF antagonist to another continued treatment with the second agent for at least 1 yr after switching [11, 12] . In ReAct, adalimumab treatment continuation rates were similar regardless of the reason for discontinuation of a prior TNF antagonist, with a trend towards longer continuation in patients who had experienced a loss of response to prior anti-TNF therapy. The results obtained with our large cohort of patients (n ¼ 899) support these previous reports and provide further evidence that failure of one TNF antagonist does not appear to predict a poor response or intolerance to another.
Failure with a TNF antagonist does not necessitate a change in therapeutic class to achieve optimal treatment of RA. Six months of treatment with abatacept, a selective co-stimulation modulator, was associated with an ACR20 response in 50% and ACR50 response in 20% of patients who did not respond to TNF antagonists [43] . Similarly, a 24-week study of rituximab, which depletes CD20-positive B cells, in patients with RA (one-third of whom had failed prior TNF-antagonist therapy) demonstrated an ACR20 response in 55% and an ACR50 response in 34% of patients [44] . It should be noted, however, that the abatacept and rituximab studies were both randomized, blinded, placebocontrolled designs, whereas the current study was an open-label design. The clinical results of the current study, together with the significant inhibition of radiographic progression demonstrated in randomized controlled trials of TNF antagonists, indicate that switching among TNF antagonists may be a viable choice among the various therapeutic options for the treatment of RA. The pharmacological differences of the three available TNF antagonists provide only a partial explanation of successful switching between these agents, all of which target the same mediator of inflammation. Lack or loss of efficacy may be caused by anti-drug antibodies which form complexes and promote rapid clearance of the TNF antagonist [45] . Given the unique structure of each TNF antagonist, the anti-drug antibodies generated against any one TNF antagonist are unlikely to cross react with other TNF antagonists, thus enabling an alternate agent to be efficacious. In addition, varying local TNF concentrations may contribute to diverse susceptibility to TNF inhibition among patients. However, the immunogenic and pharmacokinetic basis of the effectiveness of one TNF antagonist after failure of another TNF antagonist deserves further study.
The current study has some limitations. First, it was designed as an open-label study to reflect how RA is treated in typical clinical practice. While the design provides insight into what clinical outcomes might be expected in an uncontrolled setting, it does not provide a control arm for objective comparison. Second, we used the last observation, irrespective of the time-point, to describe the extension-phase data because patients discontinued from ReAct (per protocol) at different time points. A slight trend towards greater clinical benefit cannot be excluded because of the varying adalimumab exposure periods that are not accounted for by use of last observation data. Finally, the study did not evaluate the effectiveness of re-treatment with the same TNF antagonist after an initial therapy failure. Because prior TNF-antagonist treatment failure was determined retrospectively by clinical investigators without use of an objective criterion (such as a lack of ACR20 or DAS28 response), it cannot be certain that patients who failed prior TNF-antagonist therapy did not actually achieve a clinically meaningful response. Therefore, it is possible that re-treatment with the same TNF antagonist also could have produced improved outcomes in some patients.
Adalimumab was generally well-tolerated, and the discontinuation rate because of AEs during adalimumab treatment among the group of patients previously treated with a TNF antagonist was low [13% (113/899)]. Of the 139 patients who had previously discontinued infliximab because of intolerance, 17% withdrew from adalimumab treatment because of AEs, whereas the corresponding percentage in 40 etanercept-treated patients was 13%. Allergic drug reactions that were considered at least possibly related to adalimumab were predominantly non-serious and rare, occurring in 2.1% (4/188) of patients previously treated with etanercept and in 2.0% (12/591) of patients previously treated with infliximab. No patient with prior anti-TNF treatment had an anaphylactic response to adalimumab. A multiple regression analysis indicated no statistically significantly increased risk of serious infections in patients who received prior TNF antagonists compared with TNF-antagonist-naive patients. No indicators for induction of autoimmune disorders, demyelinating disorders, or congestive heart failure in patients with a history of etanercept and/or infliximab therapy were apparent in this study.
Conclusions
Adalimumab was effective in a large group of 899 patients with moderate to severe RA who previously failed treatment with infliximab, etanercept, or both TNF antagonists. Only minor differences in effectiveness, particularly in the ACR response rates, were evident between patients previously treated with infliximab and those previously treated with etanercept. Over time, more patients who had experienced a loss of initial response to their previous TNF antagonist continued adalimumab treatment compared with patients who had no response or were intolerant of a prior TNF antagonist. Adalimumab was generally safe and well-tolerated in all patient subgroups; there was no additional risk in patients who switched from either etanercept or infliximab to adalimumab. Safety results from this trial are consistent with what had been observed in previous clinical trials of adalimumab in RA. Furthermore, results of this open-label, clinical practice study indicate that adalimumab is an effective treatment of RA for patients who did not respond to or were intolerant of treatment with other TNF antagonists, and suggests a good risk-benefit ratio in this population.
